It is important to identify the spatiotemporal trends of evaporation and evapotranspiration under the changing climate for use in regional water resources planning. This work aimed to investigate the 
INTRODUCTION
The Intergovernmental Panel on Climate Change (IPCC) reported that the global mean land-surface-air temperature has risen by about 0.74 W C over the past 100 years , and it was predicted to increase by 1.1-6.4 W C by 2100 (IPCC ). The global warming leads to higher evaporation rates and enables the atmosphere to transport higher amounts of water vapor, which will accelerate the hydrological cycle and cause uneven distribution of water resources (Menzel & Burger ) . Most water resources projects are planned, designed and operated based on the historical pattern of water availability, quality and demand assuming constant climatic behavior. It is important to investigate present and probable future climatic change patterns and their impacts on water resources so that appropriate adaptation strategies may be implemented (Abdul Aziz & Burn ).
There is a general need to study the climate change that has actually occurred over the past few decades and its impact on evaporation and evapotranspiration (ET), as the most basic components of the hydrological cycle, under the existing trend (Bandyopadhyay et al. ) . Hence, the analysis of the spatiotemporal trends of evaporation and ET under the changing climate is particularly important for improving the utilization of agricultural water resources, and helpful for understanding the spatiotemporal variation of ecological and environmental water requirements, etc. 
where ET o is in mm d
À1
, and T max , T min and T mean are the maximum, minimum and mean air temperature (
respectively. R a depends on the Julian day number and latitude, and can be computed as described by Allen et al.
After estimating ET o , the pan coefficient (K pan ) was calculated by comparing the measured E pan with the estimated ET o : 
3. Ekbatan dam Evaporimeter 18.3 ± 0.8 10.7 ± 0.9 3.1 ± 1.0 337.0 ± 79.8 4. Ghahavand Raingauge 19.7 ± 1.4 11.3 ± 1.2 2.9 ± 1.2 233.7 ± 51.4
5. Kangavar Synoptic 21.0 ± 1.1 13.3 ± 0.9 4.7 ± 1.1 401.6 ± 101.4
6. Kheir-Abad Evaporimeter 19.6 ± 1.3 12.8 ± 1.1 5.6 ± 0.9 312.2 ± 72.5
7. Khomigan Evaporimeter 17.8 ± 1.0 10.6 ± 2.0 4.3 ± 1.6 273.3 ± 69.9
8. Khosro-Abad Evaporimeter 21.8 ± 1.3 12.5 ± 1.1 2.7 ± 1.8 329.7 ± 84.0 9. Malayer Synoptic 20.0 ± 1.1 14.0 ± 1.5 6.0 ± 0.8 307.8 ± 75.4
10. Nahavand Synoptic 20.5 ± 0.9 13.5 ± 1.2 5.9 ± 1.1 421.7 ± 116.9
11. Nozheh Synoptic 19.3 ± 1.0 10.9 ± 0.9 2.5 ± 1.0 331.5 ± 74.0 12. Varayeneh Evaporimeter 19.8 ± 1.2 9.8 ± 1.8 0.1 ± 2.8 517.9 ± 142.4
Statistical analyses

Spearman test
A quick and simple test to determine whether correlation exists between two classifications of the same series of observations is the Spearman's rank correlations test (Kahya & Kalayci ) . Since Spearman's rank correlation coefficient is a non-parametric test, it does not depend upon the assumptions given for a parametric test. Hence it is distribution free. In contrast, some difficulties of calculating Spearman's rank correlation coefficient arise, when the sample is large. For large data, it can be hard to rank the data for both variables and consequently it is time consuming to perform the Spearman's rank correlation coefficient test (Göktaş& İsçi 2011).
In the Spearman test, there is a significant trend only if the correlation between time steps and ET o , E pan and K pan series are found to be significant (Kahya & Kalayci ) .
The Spearman coefficient, r s , is the correlation coefficient of the linear regression between the series i and y i and it is obtained from the expression:
where n is the number of data items in the series and i is the order of the elements in the original series. The distribution of r s tends towards a normal distribution (bell curve) with a mean of zero.
In order to examine whether the null hypothesis, that there is no trend, can be rejected or not, it is necessary to calculate the probability
This is calculated using a table of reduced normal distribution. If α < α 0 , the null hypothesis is rejected for a significance level of α 0 . If a trend is detected, it will be an increasing or decreasing trend, depending on whether r s > 0 or r s < 0 (del Rio et al. ). For a sequence x 1 , x 2 , … , x n , the standard procedure is to determine the number of times, say, p, in all pairs of obser-
, n is the data set record length.
There is a rising trend where succeeding values are throughout greater than preceding ones and p is given by
which is the sum of an arithmetic progression and is given by n(n À 1)=2. If the observations are totally reversed, p ¼ 0 and, hence it follows that, for a trend free series,
The test is based on the statistic τ,
A positive τ indicates an increasing trend in the time series, and a negative τ indicates a decreasing trend (Ma et al. ) . Under the null hypothesis, the test statistic τ approximately follows a standard normal distribution.
Sequential Mann-Kendall test
The sequential Mann-Kendall test proposed by Sneyers 
and its distribution function under the null hypothesis is asymptotically normal, with mean and variance:
Finally, the test calculates all u(d i ), 1 i n, given by the equation (Feidas et al. ) :
The sequential 
Theil-Sen's estimator
The magnitude of the significant trends in the time series was estimated using the non-parametric Theil-Sen's estimator (Theil ; Sen ) as follows:
in which 1 < j < i < n. The estimator β is the median over all combinations of record pairs for the whole data set and is thereby resistant to the effect of extreme values in the obser-
vations (Xu et al. ).
Relative change
Relative change (RC) was calculated using the following formula:
where n is the data set record length, β is the trend of the time series (Equation (12)) and | x| is the absolute average value of the time series. The RC index is a useful tool for comparing the changes in parameters with very different values, such as K pan and E pan . 
Pre-whitening approach
where r 1 is the lag-1 sample serial correlation coefficient, which is estimated using the following formula:
RESULTS AND DISCUSSION
The ET o values were estimated by using the calibrated Har- The results presented in this paper will contribute to a better understanding of current climate change and its impact on the hydrological cycle and water resources in the study area. The previous analysis in the study area (Tabari & Marofi ) showed that the increasing trends of E pan were attributed to significant increasing trends in minimum temperature. Study of other possible explanatory variables such as land-use changes may result in much more significant changes of E pan , ET o and K pan which merit future studies.
